Attorney Docket No. 1316N-001663 
AIR PRESSURE PROPORTIONAL DAMPER FOR SHOCK ABSORBER 



FIELD OF THE INVENTION 
[0001] The present invention generally relates to a shock absorber, 
and more particularly, the present invention relates to a shock absorber having 
damping characteristics proportional to the air pressure in accompanying air 
springs. 

BACKGROUND OF THE INVENTION 
[0002] In many conventional vehicles, air springs replace a vehicle's 
leaf or coil springs and they accompany the existing shock absorbers on a motor 
vehicle. The purpose of the air springs is to support the vehicle body on the 
vehicle suspension and the purpose of the shock absorbers is to dampen the 
relative movement between the vehicle body and the vehicle suspension. As 
such, air springs typically utilize the elasticity of air under compression to support 
the vehicle load instead of the elasticity of metal under elastic deformation as is 
the case in coil or leaf springs. Typically, air is contained in a chamber and the 
air is compressed by the vehicle load. The air's compression is what provides 
the additional spring action and support for the vehicle. Accordingly, when a 
heavy load on the vehicle is present, the air pressure in the chamber of the air 
spring is greater than when a smaller load is applied thereto. 
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[0003] When a heavy load is applied, it is desirable for the vehicle's 
shock absorbers to have more firm damping characteristics than when a light 
load is applied. However, as the damping characteristics of the conventional 
shock absorber are based primarily on internal characteristics of the shock 
absorber itself, it does not have the ability to adjust for this load variation. The 
present invention was developed in light of these and other drawbacks. 

SUMMARY OF THE INVENTION 

[0004] To address these and other drawbacks, the present invention 
provides an air pressure proportional damper for absorbing vibration transferred 
from an unsprung mass to a sprung mass on a vehicle that includes a container 
having a first chamber and a second chamber with a rod slidingly disposed in the 
first chamber of the container. A sliding member is attached to the rod which is 
in sliding engagement with the walls of the first chamber. A valve is disposed 
between the first and the second chamber that regulates fluid flow between the 
first chamber and the second chamber. A pressure signal is supplied from an air 
spring to the valve. The valve regulates the flow from the first chamber to the 
second chamber proportional to the pressure signal. 

[0005] In another aspect of the present invention, the air adjustment 
valve includes a nipple support supporting a nipple that has an aperture there 
through. A bottom portion of the nipple communicates with the first chamber. 
The air adjustment valve has a lower membrane with a first side contacting an 
upper side of the nipple and aperture, a plunger is supported by a plunger 
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support having a first end contacting the second side of the membrane, an upper 
membrane having a first side contacting a second end of the plunger and a hose 
attachment housing that is slidingly supported by a guiding ring. A space is 
defined by an area between the hose attachment housing, guiding ring and 
second surface of the upper membrane. A spring is disposed in the guiding ring 
that biases the hose attachment housing toward the second side of the 
membrane. A second space is defined between the nipple support and the first 
side of the membrane that communicates with the second chamber. 

[0006] In another aspect of the present invention, a down tube flu idly 
connects the first chamber to the air adjustment valve. The air adjustment valve 
comprises an air adjustment valve main body, an air adjustment valve lower main 
body attached to the air adjustment valve main body, a membrane held in 
position between the air adjustment valve lower main body and the air 
adjustment valve main body, a passage formed in the air adjustment valve main 
body that communicates air pressure to a top side of the membrane, a sliding 
valve slidingly supported by the air adjustment valve lower main body. One end 
of the sliding valve is positioned against a lower side of the membrane and an 
opposite side of the sliding valve has a valve seat that closes the down tube from 
passing fluid from the down tube to the second chamber. A spring is positioned 
between the valve seat and the sliding valve that biases the sliding valve against 
the membrane and biases the valve seat toward a closed position. 

[0007] Further areas of applicability of the present invention will 
become apparent from the detailed description provided hereinafter. It should be 
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understood that the detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The present invention will become more fully understood from 
the detailed description and the accompanying drawings, wherein: 

[0009] Figure 1 is a schematic view of an air pressure proportional 
damper according to the present invention; 

[0010] Figure 2 is a cross sectional view of an air pressure proportional 
damper according to the present invention; 

[0011] Figure 3 is a cross sectional view of an air adjustment valve for 
an air pressure proportional damper according to the present invention; 

[0012] Figure 4 is a cross sectional view of a portion of an air 
adjustment valve for an air pressure proportional damper according to the 
present invention; 

[0013] Figure 5 is a cross sectional view of an air adjustment valve for 
an air proportional damper according to the present invention; 

[0014] Figure 6 is a cross sectional view of an air adjustment valve for 
an air pressure proportional damper according to the present invention; and 

[0015] Figure 7 is a graphical view describing a load and unloaded 
state for an air pressure proportional damper according to the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0016] Referring now to Figure 1, an air pressure proportional damper 
10 is shown in parallel with an air spring 12 to dampen road vibrations traveling 
from a vehicle wheel 14 to a vehicle body 16. Air spring 12 operates similar to a 
conventional air spring as is known in the art by having an internal pressure that 
increases according to the load that vehicle body 16 applies to vehicle wheel 14. 
However, air spring 12 outputs a pressure signal 18, an air pressure signal in the 
present invention, which air pressure proportional damper 10 responds to by 
adjusting its damping force proportional to pressure signal 18. As such, air 
pressure proportional damper 10 increases in damping force as the pressure of 
air spring 12 increases. This ensures the most desirable stiff ride or firm 
damping of vehicle 16 during heavy loads. Contrarily, air pressure proportional 
damper 10 reduces its damping force as the pressure of air spring 12 decreases. 
Accordingly, the vehicle body 16 undergoes a soft ride or light damping during 
reduced loads. 

[0017] Referring now to Figure 2, air pressure proportional damper 10 
is shown having two main parts, a damper 20 and an air adjustment valve 22. 
Damper 20 includes an upper rod guide 24 that slidingly supports a piston rod 
26. Piston rod 26 is cylindrical and extends from vehicle body 16 (not shown in 
Figure 2), through upper rod guide 24, and downward to a piston 28. Damper 20 
has a pressure tube 30 which serves to define an upper working chamber 32 and 
a lower working chamber 34. As such, pressure tube 30 and piston 28 serve to 
define the boundaries of upper working chamber 32. Likewise, lower working 
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chamber 34 is generally defined by piston 28, a base valve assembly 36, and 
pressure tube 30. 

[0018] External to pressure tube 30 is a reserve chamber 38. Reserve 
chamber 38 is defined by a reserve tube 40, pressure tube 30, upper rod guide 
24 and an end cap 42. A down tube 44 extends from an upper rod guide 
passage to air adjustment valve 22. Down tube 44 is positioned inside reserve 
chamber 38. The upper rod guide passage is a small aperture formed within 
upper rod guide 24 to allow fluid to pass from upper working chamber 32 to down 
tube 44. 

[0019] Air adjustment valve 22 includes a valve housing 46 that 
supports a plurality of the components of air adjustment valve 22. Reserve tube 
40 engages valve housing 46 in a sealing manner to support and seal air 
adjustment valve 22. A nipple support 48 supports a nipple 50 and has an outer 
surface pressed into valve housing 46. A bottom portion of nipple 50 fluidly 
communicates with down tube 44 to allow fluid from down tube 44 to press 
against the inside of a lower membrane 52, also supported by nipple support 48. 
A fluid support 54 supports fluid contained in a chamber 56 and a chamber 58. 
Fluid in chamber 56 communicates with fluid in chamber 58 through an aperture 
60 in fluid support 54. An upper membrane 62 separates an air chamber 64 from 
chamber 58. Air chamber 64 is defined by the inner walls of a hose attachment 
housing 66. Hose attachment housing 66 engages fluid support 54 to clamp 
upper membrane 62 in position. At an end of hose attachment housing 66 
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opposite to upper membrane 62, a hose 68 supplies air pressure from air spring 
12 as the pressure signal 18. 

[0020] Piston 28 defines a plurality of compression passages 70 and a 
plurality of rebound passages 72. A piston compression valve assembly 74 
controls fluid flow through compression passages 70. A piston rebound valve 
assembly 76 controls fluid flow through rebound passages 72. Base valve 
assembly 36 defines a plurality of compression passages 78 and a plurality of 
rebound passages 80. A base compression valve assembly 82 controls the fluid 
flow through compression passages 78. A base rebound valve assembly 84 
controls the fluid flow through rebound passages 80. 

[0021] In operation, piston 28 slides back and forth within pressure 
tube 30 and piston 28 operates in conjunction with base valve assembly 36 and 
air adjustment valve 22 to move fluid between upper working chamber 32, lower 
working chamber 34 and reserve chamber 38 to absorb shock. Specifically, with 
upward movement of vehicle wheel 14, piston 28 and piston rod 26 move 
downward with respect to pressure tube 30 in what is called a compression 
stroke. This movement causes fluid in lower working chamber 34 to pass 
through compression passages 70 and past piston compression valve assembly 
74 to pass to upper working chamber 32. Piston compression valve assembly 74 
operates as a check valve and does not significantly contribute to creating the 
damping characteristics for shock absorber 10. Because piston rod 26 occupies 
space only in upper working chamber 32, an additional amount of fluid must be 
removed from lower working chamber 34. This additional fluid is forced through 
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the upper rod guide passage and through down tube 44 to enter air adjustment 
valve 22. Fluid will also flow through compression passages 78 and base 
compression valve assembly 82 into reserve chamber 38. Base compression 
valve assembly 82 is designed to provide firm damping for damper 20 during a 
compression stroke. Air adjustment valve 22 allows fluid flow from upper working 
chamber 32 to reserve chamber 38 during a compression stroke to change the 
damping characteristics for shock absorber 10 from firm to soft. 

[0022] The pressure signal 18 is determined by the air pressure in air 
spring 12. This air pressure from air spring 12 is transported by hose 68 to upper 
membrane 62. As such, upper membrane 62 presses oil in chamber 58 through 
aperture 60 and into chamber 56 to press lower membrane 52 against the 
surface of nipple 50, thereby controlling flow from down tube 44 to reserve 
chamber 38. When the air pressure is relatively low, (lightly loaded vehicle) the 
fluid flow through air adjustment valve 22 will increase providing a softer damping 
characteristic for shock absorber 10. When the air pressure is relatively high 
(heavily loaded vehicle) the fluid flow through air adjustment valve 22 will 
decrease providing a firmer damping characteristic for damper 20. 

[0023] Thus, the damping characteristics for shock absorber 10 during 
a compression stroke are directly related to the air pressure within air spring 12. 

[0024] With downward movement of vehicle wheel 14, piston 28 and 
piston rod 26 move upward with respect to pressure tube 30 in what is called a 
rebound stroke. This movement causes fluid in upper working chamber 32 to be 
pressurized and fluid flows through the upper rod guide passage and through 



8 



Attorney Docket No. 1316N-001663 

down tube 44 to enter air adjustment valve 22. Fluid will also flow through 
rebound passages 72 and piston rebound valve assembly 76 into lower working 
chamber 34. Piston rebound valve assembly 76 is designed to provide firm 
damping for shock absorber 10 during a rebound stroke. Because piston rod 26 
occupies space in only upper working chamber 32, an additional amount of fluid 
must be added to lower working chamber 34. This additional fluid flows from 
reserve chamber 38 through rebound passages 80 and past base rebound valve 
assembly 84. Rebound base valve assembly 84 operates as a check valve and 
does not significantly contribute to creating the damping characteristics for 
damper 20. Air adjustment valve 22 allows fluid flow from upper working 
chamber 32 to reserve chamber 38 during a rebound stroke to change the 
damping characteristics for damper 20 from firm to soft. 

[0025] The pressure signal 18 is determined by the air pressure in air 
spring 12. This air pressure from air spring 12 is transported by hose 68 to upper 
membrane 62. As such, upper membrane 62 presses oil in chamber 58 through 
aperture 60 and into chamber 56 to press lower membrane 52 against the 
surface of nipple 50, thereby controlling flow from down tube 44 to reserve 
chamber 38. When the air pressure is relatively low (lightly loaded vehicle) the 
fluid flow through air adjustment valve 22 will increase providing a softer damping 
characteristic for damper 20. When the air pressure is relatively high (heavily 
loaded vehicle) the fluid flow through air adjustment valve will decrease providing 
a firmer damping characteristic for shock absorber 10. Thus, the damping 
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characteristics for damper 20 during a rebound stroke are directly related to the 
air pressure within air spring 12. 

[0026] As detailed above, the damping characteristics for shock 
absorber 10 in both compression and rebound are controlled by air adjustment 
valve 22 to provide a relatively soft ride for lightly loaded vehicles and a relatively 
firm ride for heavily loaded vehicles. 

[0027] Referring now to Figure 3, a second embodiment of an air 
adjustment valve 22a is shown and described. Air adjustment valve 22a has a 
valve housing 46a that supports the elements of air adjustment valve 22a therein. 
Nipple support 48a includes nipple 50a. A bottom portion 86 has an aperture 88 
that communicates upwards through a nipple hole 90. As in the first 
embodiment, nipple hole 90 communicates directly to a surface of a lower 
membrane 52a. Oppositely, aperture 88 communicates with down tube 44 to 
allow fluid from upper working chamber 32 to press against lower membrane 
52a. Air adjustment valve 22a further includes a plunger housing 92 positioned 
within valve housing 46a and sealed by a seal 94. Plunger housing 92 supports 
a plunger 96 and a plunger seal 98. Plunger seal 98 and seal 94 serve to fluidly 
seal the area below plunger housing 92 from the area above plunger housing 92. 
Plunger 96 further includes a plunger head 100 that is connected to plunger 96 
and contacts upper membrane 62a. Upper membrane 62a is further supported 
by a guiding ring 102. Plunger 96 is slidingly supported by plunger housing 92 
and plunger seal 98 such that it can move up and down with respect to Figure 3, 
thereby moving plunger head 100 and a plunger lower head 104 therewith. 
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[0028] Hose attachment housing 66a is slidingly positioned within 
guiding ring 102 and biased toward upper membrane 62a by a spring 106. A 
seal 108 is positioned within a groove of hose attachment housing 66a to seal an 
upper area of hose attachment housing 62a from a lower area of hose 
attachment housing 66a. Hose attachment housing 66a has a passage 110 that 
connects an air chamber 112 with an inside of hose 68 to communicate the 
pressure signal 18 to upper membrane 62a. Although not shown, a fluid 
chamber 1 14 communicates with an outlet 1 16 for the supply of fluid into reserve 
chamber 42 (see Figure 2). Likewise, aperture 88 communicates fluid from down 
tube 44, through nipple hole 120 to contact lower membrane 52a. 

[0029] In operation, during movement of piston 28, fluid from down 
tube 44 passes through nipple hole 90 to contact lower membrane 52a. If the 
pressure from nipple hole 90 is sufficient to overcome the load applied to plunger 
96 by air pressure supplied from air spring 12, lower membrane 52a pushes 
plunger 96 upward to allow fluid to pass from^ nipple hole 90 and enter fluid 
chamber 114. As such, fluid from fluid chamber 114 passes to outlet 116 to 
enter reserve chamber 38. 

[0030] The resistance on plunger 96 and thus lower membrane 52a is 
determined by the air pressure traveling from hose 68, through passage 110 and 
into air chamber 112. Air pressure in air chamber 112 moves hose attachment 
housing 66a and spring 106 against a spring retainer 118. This pressure in air 
chamber 112 also presses upper membrane 62a against plunger head 100, 
thereby urging plunger 96 downward against lower membrane 52a. This serves 
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to restrict fluid flow from nipple hole 90 that enters fluid chamber 1 14. However, 
when the air pressure in hose 68 is reduced, the air pressure in air chamber 112 
also reduces, thereby allowing spring 1 06 to overcome the force created by the 
air pressure and drop hose attachment housing 66a toward upper membrane 
62a. This reduction in pressure also reduces the force on plunger 96 and 
thereby lower membrane 52a. When the air pressure in air chamber 112 is 
sufficiently low, hose attachment housing 66a drops onto upper membrane 62a. 
As a result, the force acting on upper membrane 62a is only from the spring 
force of spring 106. Therefore, in this position, spring 106 acts as a default or 
minimum resistance to be applied to lower membrane 52a. Thus, air adjustment 
valve 22a controls the damping characteristics for damper 20 in a manner similar 
to air adjustment valve 22. 

[0031] Referring now to Figures 4 and 5, a third embodiment of the 
present invention is shown and described. In Figure 4, down tube 44 enters a 
bottom chamber 126 of an air adjustment valve 22b. A lower membrane 52b 
comprises a plurality of flexible plates 128. Within two of bottom plates 128 of 
lower membrane 52b is a passage 130. Passage 130 allows a small amount of 
fluid to pass from bottom chamber 126 into a chamber 132 to be communicated 
out to outlet 116. As a result, during small and low flow rates, passage 130 is 
sufficient to allow venting of fluid from bottom chamber 126 to chamber 132. 
However, as the fluid flow increases, passage 130 is insufficient to handle the 
volumetric flow rate of fluid, from bottom chamber 126 to outlet 116. Therefore, 
lower membrane 52b flexes to open a flow path to allow sufficient fluid flow. 
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[0032] Referring now to Figure 5, the entire air adjustment valve 22b is 
shown and described. Here, air from hose 68 is fed to a chamber 134 that is 
positioned above and in fluid communication with an upper membrane 62b. As a 
result, upper membrane 62b presses against a bolt 136 and a plate 138 to 
thereby press lower membrane 52b against a support 140. As a result, the 
resistance that lower membrane 52b provides against fluid flow from bottom 
chamber 126 is directly proportional to the air pressure supplied through hose 68. 
Thus, air adjustment valve 22b controls the damping characteristics for damper 
20 in a manner similar to air adjustment valve 22. 

[0033] Referring now to Figure 6, another embodiment of the present 
invention is shown and described. In Figure 6, a modified down tube 44a 
extends through the entire length of reserve chamber 38 and terminates at a 
bottom portion 142. Air adjustment valve 22c is positioned in bottom portion 142 
to seal a passage 144 from a passage 146 that leads to reserve chamber 38. 

[0034] Air adjustment valve 22c includes a hose attachment 148 that 
clamps an end of hose 68. A passage 150 is positioned in an air adjustment 
valve main body 152 for fluidly communicating hose 68 with an upper surface of 
a membrane 154. Air adjustment valve main body 152 is attached to an air 
adjustment valve lower main body 156 by a threaded clamp 158. Threaded 
clamp 158 has threads 160 that thread to air adjustment valve main body 152 at 
one end of threaded clamp 158 and has an L-shape portion 162 that clamps 
against a shoulder of air adjustment valve main body 152. Membrane 154 is 
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locked between air adjustment valve main body 152 and air adjustment valve 
lower main body 156 by the clamping force applied from threaded clamp 158. 

[0035] Air adjustment valve lower main body 156 supports a valve 164 
in sliding engagement therein. A space 166 positioned between valve 164 and 
air adjustment valve lower main body 156 is filled with oil. A passage 168 allows 
oil from space 166 to communicate with a top portion of valve 164. A travel 
groove 170 is positioned in the outer periphery of valve 164. A travel stop 172 is 
attached to inner sidewalls of air adjustment valve lower main body 156 to limit 
travel of valve 164 by contacting lower and upper walls of travel groove 170 
depending on the position of valve 164. Air adjustment valve lower main body 
156 has a lower threaded area 174 that threadingly attaches to bottom portion 
142 of damper 20. 

[0036] Valve 164 has three stepped areas, first step area 176, second 
step area 178 and third step area 180. First step area 176 is slidingly engaged 
with air adjustment valve lower main body 156 to support guide valve 164. 
Second step area 178 has a reduced diameter to allow a spring 182 to be 
located against the flat surface where second step area 178 intersects with first 
step area 176. Third step area 180 has a groove 184 that allows a small amount 
of fluid to pass from passage 144 to passage 146. Positioned around third step 
area 180 is a valve seat 190. Spring 182 biases valve seat 190 against an inner 
surface of bottom portion 142 for sealing fluid in passage 144 from passing to 
passage 146. 
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[0037] In operation, pressure signal 18 passed by hose 68 to passage 
150 urges membrane 154 against valve 164. This causes movement of valve 
164 in a downward direction with respect to Figure 6, thereby compressing spring 
182 against valve seat 190. As a result, an increased force is required to move 
valve seat 190 against spring 182 from passage 144 to passage 146. However, 
groove 184 allows a minimal flow of fluid to pass from passage 144 to passage 
146 without movement of valve seat 190. Accordingly, the amount of force 
required to move valve seat 190 is proportional to the air pressure supplied from 
hose 68. Therefore, an increase in a pressure supplied by air spring 12 causes 
an increased stiffness of the air pressure proportional damper 10. When the 
pressure from hose 68 is reduced, valve 164 is retracted upward with respect to 
Figure 6 until travel stop 172 restricts any further movement. Therefore, this 
position acts as a default to ensure that a minimal amount of spring force by 
spring 182 retains valve seat 190 in a closed position. This acts to provide a 
minimum damping force supplied by damper 20. Thus, air adjustment valve 22c 
controls the damping characteristics for damper 20 in a manner similar to air 
adjustment valve 22. 

[0038] Referring now to Figure 7, a graphical view of the damping force 
with respect to the velocity of vibration is shown. Here, 200 illustrates air 
pressure proportional damper 10 when vehicle body 16 is loaded, thereby having 
a high pressure in air spring 12 and a resultant high air pressure signal 18. As 
can be seen, in this situation the damping force greatly increases with respect to 
vibration velocity. Likewise, 202 illustrates a normal vehicle load and the 
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resulting reduced damping force with respect to velocity. The reduced pressure 
in air spring 12 causes a reduced air pressure signal 18 and thereby a reduced 
damping force as described previously. Lastly, 204 illustrates a light load and a 
resulting low pressure in air spring 12. As a result, the air adjustment valves are 
all either at a low damping or default position as described previously, thereby 
resulting in a low damping force with respect to velocity. 

[0039] It should be noted that pressure signal 18 can also be in the 
form of an electrical or optical signal representative of the air pressure within air 
spring 12. In this situation, the air adjustment valve would adjust resistance of air 
flow therethrough via a device such as a solenoid or other electrically actuated 
valve. 

[0040] The description of the invention is merely exemplary in nature 
and, thus, variations that do not depart from the gist of the invention are intended 
to be within the scope of the invention. Such variations are not to be regarded as 
a departure from the spirit and scope of the invention. 
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